The propagation of acoustic waves in a homogeneous isotropic semiconducting layer sandwiched between two homogeneous transversely isotropic piezoelectric halfspaces has been investigated. The mathematical model of the problem is depicted by a set of partial differential equations of motion, Gauss equation in piezoelectric material and electron diffusion equation in semiconductor along with the boundary conditions to be satisfied at the piezoelectric-semiconductor interfaces. The secular equations describing the symmetric and asymmetric modes of wave propagation have been derived in compact form after obtaining the analytical expressions for various field quantities that govern the wave motion. The complex secular equation has been solved numerically using functional interaction method along with irreducible cardano method. The computer simulated results are obtained with the help of MATLAB software for 6mm cadmium selenide (CdSe) piezoelectric material and n-type silicon (Si) semiconductor in respect of dispersion curve, attenuation and specific loss factor of energy dissipation for symmetric (sym) and asymmetric (asym) modes of wave propagation. The study may find applications in non-destructive testing, resonators, waveguides etc.
Introduction
Lord Rayleigh [1] was the first who described the surface acoustic waves in connections with earthquake problems. Love [2] gave the first comprehensive treatment of dispersion for Rayleigh and Love waves in case of an elastic halfspace covered with a single solid layer. Bleustein [3] and Gulyaev [4] theoretically predicted that a pure shear surface acoustic wave can be guided by the free surface of a piezoelectric halfspace. White [5] predicted that an acoustic wave propagating in a piezoelectric semiconductor can be amplified under the effect of a dc electric field. Collins et al. [6] observed strong interaction between the wave on the surface of piezoelectric crystal and the drifting carriers in the nearby semiconductor. Dietz et al. [7] explored the acoustoelectric amplification of acoustic waves in the composite of piezoelectric dielectric and non-piezoelectric semiconductor.
Kagan [8] considered the surface wave propagation in a piezoelectric crystal underlying a conducting layer. It is predicted that the electric field excited by the wave in crystal penetrates into the conducting layer. Jin et al. [9] studied the Lamb wave propagation in a metallic semiinfinite medium covered with piezoelectric layer. It is found that the dispersion curves are asymptotic to the transverse velocity of the piezoelectric layer with increasing wave number. Sharma and Pal [10] investigated the Lamb wave propagation in a transversely isotropic piezothermoelastic plate. Sharma et al. [11] have analyzed the propagation of surface waves in a piezoelectric halfspace coated with a semiconductor layer.
Wu and Zhu [12] studied the Lamb wave propagation in a plate bordered with inviscid liquid layers and found that the acoustic impedance approach is valid when the plate thickness is much smaller than the wavelength of transverse wave in the solid. Sharma and Pathania [13] studied thermoelastic waves in a homogeneous isotropic plate bordered with inviscid liquid layers. Sharma and Kumar [14] analyzed Lamb waves in micropolar thermoelastic solid plates immersed in liquid with varying 2h oxyz z h temperature. Sorokin [15] discussed the wave propagation of purely shear deformation in an unbounded sandwich plate composed of two identical isotropic skin plies and an isotropic core ply. Qiang et al. [16] analyzes the guided wave propagation in multilayered piezoelectric structures whose each layer is made of an arbitrarily anisotropic piezoelectric material. Hu et al. [17] have given an exact analysis of forced thickness-twist vibrations of multilayered piezoelectric plates. Su et al. discussed the Lamb wave for identification of damages in composite structures. Lu and Bhattacharya [18] considered the elastic wave propagation in a sandwich structure with two thin stiff face plates and a thick compliant core.
Sandwich structures found applications in many fields such as spacecraft, aircraft, automobiles, boats and ships. Keeping in view the wide range applications and above referred work an attempt is made to study the acoustic waves in a sandwich structure consisting of semiconducting layer between two piezoelectric halfspaces. The phase velocity, attenuation and specific loss factor of energy dissipation for acoustic and optical modes of wave propagation in case of symmetric and asymmetric modes of wave propagation, in a sandwiched structure have been computed numerically from analytically developed model. The effect of variation of semiconducting layer thickness on the considered wave fields has also been taken in account to show the wave guide nature of the thin layer composite structure.
Formulation of the Problem
We consider an n-type homogeneous isotropic semiconductor layer of thickness sandwiched between two homogeneous transversely isotropic, piezoelectric halfspaces. We take the origin of Cartesian coordinate system at any point on the mid-plane of the semiconductor layer and z-axis along the thickness of the layer as shown in Figure 1 . Obviously the piezoelectric semi-spaces are represented by and z h    h z h    and the semiconductor layer occupies the region . We choose x-axis along the direction of wave propa- gation in such a way that all particles on the line parallel to y-axis are equally displaced. Thus all field quantities are independent of y-coordinate.
The basic governing equations of motion and electron diffusion for the composite structure under study, in the absence of body forces and electric sources, are given below:
1) Semiconductor (n-type) elastic layer (Sharma et al. [11] ): 
where the notations 
Boundary Conditions
The requirement of continuity of stresses, displacements, electric fields and current density at the interfaces of two media leads to the following interfacial boundary conditions , , , , 2   13  44  15  31  44  2  3  1  11  11  33   2  15  33  11  2  3  33  33   11   2  2  33  1  2  11  0   2  0 , , 
where   is the characteristic frequency, and l v , t are respectively, the longitudinal and shear wave velocities.
v
Introducing the quantities (9) in Equations (1) to (7), we obtain (on suppressing the primes for convenience) 
In order to facilitate the solution in semiconductor layer, we introduce the scalar and vector point potential functions 
The Equations (10)- (11) with the help of relations (17) provide us
The Equation (19) corresponds to purely transverse waves in the semiconductor which get decoupled from rest of the motion and is not affected by the concentration of charge carrier fields.
Formal Solution of the Problem


We take harmonic wave solution of the form
are the non-dimensional phase velocity, angular frequency and wave number, respectively, in which primes have been suppressed for convenience. The use of solution (21) in Equations (18)- (20) and (12)- (14) after straightforward algebraic reductions and simplifications leads to the formal solution satisfying the radiation conditions in semiconductor layer and piezoelectric as under:
for semiconductor layer
for piezoelectric halfspace we have
for piezoelectric halfspace   we have where 
Consequently, the expressions for stresses, current density and displacements in the semiconductor layer are obtained from Equations (15) and (17) via (22) and (23) as: 
Secular Equation
Upon imposing the boundary conditions (8) we obtain a coupled system of twelve homogeneous simultaneous algebraic equations in twelve unknowns , ,
.
Solution of Secular Equation
general, wave number and hence the phase velocities
where k R iQ
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In of the waves are complex quantities, therefore the waves are attenuated in space. In order to solve the secular Equation (38), we take m are furthe e secular Equation (38) to obtain phase velocity and attenuation coefficient of the su ce waves by using function iteration numerical technique outlined below:
In general the secular Equation (38) being arbitrarily small number to be selected at random to achieve the accuracy level, is satisfie dure is continuously repeated for different values of non-dimensional wave number to obtain corresponding values of the phase velocity and attenuation coefficient. Thus, the real phase velocity and attenuation coefficient during the propagation of Rayleigh type waves in the composite structure under study can be computed from dispersion relation (38). 
Specific Loss
   
Im 4 k   , where k is a complex Re W k W  num-ber such that   Im 0 k  . Here     Im 4π 4π 4π k W Q R Re W k V Q     (44)
Numerical Results and Discus
this section we present the discussion of the results e analytil developments in the previous sections for a sandwich 
 of wave propagation. Here the quantity Rh denotes the non-dimensional wave number of acoustic waves trave n piezoelectric halfspaces.
From Figure 2 it is observed that phase velocity profiles of symmetric and asymmetric modes both, acoustic and opti ling in the semiconducting layer sandwiched betwee cal, have significantly large magnitudes at small w ave numbers (long wavelengths) which decrease with decreasing wavelengths and ultimately become stable and steady at extremely short wavelengths. The magnitude of phase velocity is small in case of fundamental (acoustic) modes but large for higher (optical) modes in the considered structure. This is attributed to the fact that material layer behave like a thick slab and hence oupling between upper and lower interfaces is reduced observed that the coupling effect of various in ases in the sat higher frequencies (short wavelengths), the semiconductor c as a result the properties of symmetric and asymmetric modes become almost similar. Under such situations the wave motion at the upper interface is not confined to the lower interface and displacement becomes localized near the respective boundaries and as a result the wave dispersion curves asymptotically approach to that of Rayleigh surface wave in case of acoustic modes and to shear wave velocity for optical modes in semiconductor material.
Moreover, the unbounded displacement field is characterized by the singularities of circular tangent functions. It is also teracting fields decreases with increasing thickness of the semiconductor layer resulting in lower phase velocity as the wave travel along the interface (guided surface) with little disturbance to the semiconductor layer. The phase velocity of various modes at long wavelengths is noticed to be quite high because such waves penetrate deep in to the medium thereby creating significant disturbance in either of the material components because various interacting field become operative and contribute in increasing the magnitude of the phase velocity. Moreover, at long wavelengths the semiconductor layer behaves like a thin structure and hence its properties are greatly influenced by the substrate piezoelectric material under such situation through the interfaces which also attribute in high magnitude of phase velocity. a steady state for 4 R  . It is attributed to e fact that large wavelength waves interact with the actor follows the same trend as that of attenuation co tor layer. Phase ve an acoustic waveguide. Acoustic w ation of both acoustic and optical modes decreases before it attains th medium in contact to the maximum extent in contrast to that at short wavelengths in which case these follow the surface without significantly disturbing the medium. Thus the medium offer a high resistance to wave propagation at long wavelengths as compared to that at short wavelengths. At large wavelengths optical modes of wave propagation possess small value of attenuation as compared to that of acoustic modes; however the trend gets reversed at small wavelengths. The optical modes both symmetric and asymmetric possess higher attenuation. Figure 4 presents the variations of specific loss factor of energy dissipation versus wave number. The specific loss f efficient with the exception that it has higher magnitude than attenuation coefficient. This shows that at long wavelengths the medium offers high internal friction as compared to that at short wavelengths. Figure 5 reveals that the phase velocity of both for symmetric and asymmetric modes increases with decreasing thickness of the semiconduc locity possesses high magnitude when the semiconducting layer is thin. From Figures 6 and 7 , it is evident that the attenuation and specific loss factor of energy dissipation have minimum magnitudes in case of thin semiconductor layer while the phase velocity has maximum magnitude. The magnitudes of attenuation and specific loss factor increase with increasing thickness of the semiconducting layer.
The increase of phase velocity with decreasing thickness of the semiconductor layer shows that the thin sandwiched layer acts like aveguide confine the acoustic energy in the bulk of the nerates a parlayer through multiple reflections from the top and bottom interface as wave propagates and it ge 
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he authors are thankful to the reviewer for his useful ent of this work. The au-3) Phase velocity profiles show dispersive character and decrease with the increasing wave number to become smooth and stable at short wa 4) The attenuation and specific loss factor increase with increasing wave number initially and then decrease after attaining maximum value in each case.
5) At large wavelengths acoustic modes possess high attenuation and specific loss factor of energy dissipation and reverse trends are noticed at small wavele 6) Phase velocity increases with decreasing thickness of semiconducting layer while attenuation and specific loss factor of energy dissipation increase with the th ss of the layer showing a waveguide nature of the thin sandwiched semiconductor layer.
7) The study may find applications in fabrication of micro-electromechanical surface acoustic wave devices.
